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Estimation of Parameters of Network Filter for AC
Pulse Regulator

Ivars Rankis', Olegs Vasilevics®, '*Riga Technical University

Abstract. Estimation of the parameters of filter for AC pulse
equipment — regulators, converters is considered in this paper.
The way to calculate parameters for the filters on the base of
load inductance and switch duty ratio of AC/AC choppers
introduced in circuit of reactive load — coil is shown. For
damping of current oscillations in a grid circuit LC filter is
introduced with the evaluated and presented operation regimes
and calculation expressions. Computer modeling is made and the
results of mathematical research and computer modeling are
shown.
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1. INTRODUCTION

In the last time more often the AC/AC pulse regulators for
AC loads are applied operating in buck as well as in boost
regimes [1,2,3]. One of the main problems is the coordination
of the converters operation with industrial AC network with
the aim to reduce current distortions.

The use of AC-switch with commutating reactive loads for
energy conversion or for the power factor correction purpose
will inevitably cause distortion of the current shape, consumed
from the network [1,3]. To improve the shape of the input
current close to a sine-form, series or parallel filters are used.
Some methods are presented for evaluation of AC/AC
chopper operation impact on grid but mostly based on difficult
mathematical connections [1,2]. Calculations of filter
elements of a filter connected in series with the load using
simplified approach and checking correctness of calculations
on a computer model are the subject of this work.

IT. OVERVIEW OF EQUIPMENT

Circuit of the filter with the switches in the load links is
shown in Fig. 1, it consists of a filter choke Lf, in series with
the bidirectional switch S1 and capacitor Cf, by-pass switch
and the active-inductive load — coil with inductance Lw-,
forming a chain like the second order filter. Resistance of the
load coil is negligible but all circuit of the coil is by-passed
with switch S2 operating in counter-phase with S1.

Fig. 1.Scheme of the system with LC filter, connected in series with switched
load.

Filter is usually tuned to the frequency f; <0.2-f_, where

the f, - switching frequency. However, except for the basic

functions - filtering the load current, depending on the chosen
parameters, filter elements can consume (for X, >> X.) or

produce (for X, << X ) the reactive power at the mains

frequency. In order to minimize the negative effects the
calculation of the parameters depending on the load character
is required.

III. ESTIMATION OF PARAMETERS OF NETWORK FILTER

Let us assume that the base switching frequency fm and
the duty ratio ¥ of the switches in the scheme are constant. In

this case, the current of the inductor L,, with negligibly low
reactance can be described as:

7 Ui -sin(at —0.57)
ILw = pry
W
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where U - the magnitude value of the voltage across the

cfm

filter capacitor, L,, — inductance of the load inductor. The
current supplied from the filter capacitor to the load is with
fundamental harmonic =y i On the vector diagram of a

single-phase circuit the filter inductor current is
-

- — - -

Iiim = Icim+ Iim , and the vectors of currents Iem and Iim
are both in opposite directions. This means that to get the
inductive character of all the system the following relation has

to be provided
2

7 Uem
—>U cfm oC f
ol ()
but for capacitive character — the relation has to be opposite.
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Fig.2. Vector diagram for examined circuit for inductive operation character.

91



Power and Electrical Engineering

2013/31

In general case from the vector diagram (Fig.2):
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W
, (3)
where Lf - inductance of filter coil. As at inductive character
of the system capacitor’s voltage U 4, <U,, , it can be stated
as:
2
7 L¢
— 602 L f C f >0
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At the maximum consumption of inductive reactive power
duty ratio ¥ =1 and
2
U Cim , )

Qmax :m_UCfma)Cf

U cfm

Let’s assume that relation of voltages = 0.9 in the case of

Im
maximum inductive power consumed from the network. In
this way the maximum available value of filter inductance L

can be obtained, and after that it is possible to calculate
capacitance C; . If reactive power of all the system is equal to

zero, the following equation is true: y.,, = ®’L,,C, . Assuming
Vmin » the value of capacitance C; can be calculated, and after

that — the value of inductance L; .

IV. ESTIMATION OF PARAMETERS OF A FILTER FOR REACTIVE
POWER COMPENSATION SYSTEM

In the case if the pulse regulated system operates as a full
range reactive power compensation system, the following
behavior is necessary. When for switch S1 commutation duty
ratio y =0 system’s behavior is full capacitive; and at switch
duty y =1 system acts as an inductance. Filter capacitor can
be used for production of reactive power, when duty is low —
because filter capacitor impedance is greatly higher then filter
inductance’s impedance at the grid frequency: X c>> X -

For single-phase appliance filter is expected to produce as
much reactive power, as it can sink: Qg =Qg. As reactive

2

power is equal to Q=—, and capacitor impedance at

. 1 . .
network frequency is X :E filter capacitor capacitance

can be found in this way:
Cr=—3 . ©)
Us-w
Filter inductance can be found from Thompson’s equation;
admitting filter cut-off frequency is equal to 0. =02y

so, filter inductance is equal to

92
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Work coil inductance L,, can be found from the reactive
power, that system must sink; but the work coil must absorb
also all the reactive power, produced by filter capacitor. It
means, that work coil consumed reactive power must be
double than the system overall compensated reactive power,
and on this basis work coil inductance can be found as
follows:

Ly

2
L= . @®)
2. QS -

For example, if single phase reactive power compensation
system of 10kvar at U=230VAC 50Hz grid with switch
modulation frequency 5kHz is needed, so on the basis of
equations the following system parameters are calculated:

Filter capacitor: C; =601.72uF ;
Filter inductor: L, =42.09uH ;

Work coil: L, =8.42mH .

The system with the mentioned parameters has been modeled
using PSIM 9.0.

V. NETWORK CURRENT SHAPE DISTORTION ANALYSIS

As it has been stated above the current consumed from filter
will be equal to zero, when switch S1 is open, and to
following equation, when switch is closed:

. M gy sin(at —0.57)
| = )

(@Ly)* +RZ
where resistance of the work coil can be accepted as Ry,=0.

Taking into account the expressions obtained above a
reactive power of the whole system relatively to grid is:
Qs =Quw —Qcr =

U 2
Cfm { V4 a)Cf] .09
Filter coil current is equal to:

2 oLy -

2

[ .-Qs _ Ulm (

U, T2 ey )
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Let’s assume that the capacitor current is relatively low; and

being aware that grid’s current value is zero at grid voltage u,
maximum, mains voltage can be accepted as:

(10)

In this case, instantaneous grid current will be equal to:
2
ig =liis =ﬁUg(7—a)Cstin(wt—0.5ﬂ) : (an
ol

As aresult in on-duty cycle interval defined by fL, where f,,

m
— switch manipulation frequency, capacitor voltage varies on a
value of:

(12)

_NUgy[ vy -1)-w’Cs L,
fme C()LW

jsin(a)t -0.57)
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Maximum voltage deviations will be at the moments when
ot =r27x3r..., this means that the maximum deviation of
the voltage across the filter capacitor will be at the moment,
when the basic voltage crosses zero. These deviations distort
grid’s current.

Calculated by (12) maximum value of capacitors voltage
deviations at y=0.5 and accepted above values of parameters
show the value of -14.73 V for @l = 77 . Simulation of the
processes gives full range deviation 15 V, i.e. very close to the
calculated value (Fig.3).

In off-duty interval the current of capacitor is equal to i,
value and capacitor voltage

Jau [ 42
AU cioff e 7 _oC |sin(at—0.57) (13
fme G)LW

Calculated for previous conditions value is -4.93V.
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Fig. 4. System’s simulation computer model.

Elements Rf-Lf-Cf operate as the 2™ order filter, chain Rw-
Lw acts as a reactive inductive power consumer. The system
is controlled by PWM control, realized on elements V1-V2-
COMPI. Results obtained from model are shown in table 1. It
can be seen from this table, that the system changes its
patterns from capacitive to inductive as a function of switch
S1 commutation duty ratio.
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Fig.3. Simulated diagrams of capacitor voltage and grid current at ot=m .

This deviation of capacitor voltage creates instantaneous
voltage difference across the filter inductance, i.e.,
instantaneous difference between capacitor and grid voltage
values. Approximately the magnitude of the difference curve
at ot=n can be calculated as a half of difference between on-
duty time decrease of capacitor voltage and voltage change of
the fundamental curve in duration of  /

AUy =0.5(AUcgon —Uyg 2y ) (4

For the calculation example the magnitude is 2.45V but full
range ripple of current i,

Algy =2.AU | (@7 f L) (15)

In the case calculated value of current ripple at ot=n is 3.71 A
and this value well coincides with the experimental obtained
in computer model of the system.

Maximum values of current i, ripples take place at
ot =r,2x37... and it means that the total ripple “pipe” can
be described as

Alg = Al gy sin(wt —0.57) . (16)

VI. MODELING OF FILTER EQUIPMENT WITH AC PULSE
REGULATOR
For the computer modeling software PSIMv9.0 is used. The
model is presented in Fig. 4 and main parameters for it are
obtained from the calculations in part IV of the current paper.

1.TABLE
REACTIVE POWER OF THE SYSTEM ON DEPENDANCE ON DUTY
RATIO
Switch duty ratio; ) Reactive power, kvar
0.01 -10.0
0.1 -9.81
0.2 -9.2
0.3 -8.21
0.4 -6.81
0.5 -5.01
0.6 -2.81
0.7 -0.219
0.707 0.0241
0.8 2.764
0.99 9.903

Also, we can observe, that the dependence of system reactive
power is not linearly proportional to switch duty ratio. In Fig.
5 typical waveforms of grid current and capacitor voltage are

shown (measured at y = 0.5).

[
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Fig.5. Waveform of network current (2) and capacitor voltage (1), obtained on
computer model.

To enhance readability of waveforms, current’s values are
multiplied by 10. It is easy to see, that the current is distorted
much more at network voltage zero values than at the network
voltage maximums. Measured THD of the network current
here is 0.03649.
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VII. CONCLUSIONS

1. Presented network filter parameter calculations method can
be applied for engineering calculations.

2.Network filter’s capacitor can be used as a reactive power
source for AC pulse regulator based reactive power
compensation system.

3.The maximum network current distortion takes place at
network voltage crossing zero line when voltage ripples also
are the highest.
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Ivars Rankis, Olegs Vasilevi¢s. Mainstravas impulsregulatora tikla filtra parametru noveértéjums

Apliikota reaktivas jaudas kompenséSanas iekarta, kura slodzes droseles stravu regulé ar mainstravas impulsregulatoru. Lai novérstu elektromagnétiskos
trauc€jumus barojoSaja mainstravas tikla, sist€mas pievienosana tiklam tiek veikta caur LC filtru. Ta ka sistéma tiek ieviests kondensators, ar impulsregulatoru
iesp&jams regulét abu veidu reaktivas jaudas: pie mazam impulsregulatora virknes slédza ieslégSanas attiecibam perioda — sisteéma darbojas ka kapacitivs mezgls,
pie lielakam slédza ieslégSanas attieclbam — ka induktivs mezgls. Formul&ta saite starp impulsregulatora darbibas parametriem, sist€émas reaktivo elementu
parametriem un sist€mas kopgjo reaktivo jaudu. legiitas aprékinu izteiksmes filtra kondensatora sprieguma liknes novirzu no pamatharmoniskas aprékinam, ka
ari tikla stravas pulsacijas noteikSanai, kas lauj novertet sistémas ietekmi uz barojoso tiklu. Galvenais uzdevums ir atrast ieejas filtra nepiecieSsamos parametrus,
kas noteiktu ietekmi uz kondensatora sprieguma un tikla stravas pulsacijam. Paradits, ka lielakas pulsacijas veidojas brizos, kad kondensatora spriegums maina
polaritati, t.i., pie @t = 77,277,37... Pie tam kondensatora sprieguma izmainas izraisa filtra droseles ierobeZotas tikla stravas izmainas, kas savukart nosaka

THD indikatoru. Veikta sistémas datormodeléSana pie dazadiem parametriem un novertéta rezultatu atbilstiba aprékinu parametriem, kas uzrada labus rezultatus.
Secinats, ka kopgjas sistémas jaudas atkariba no impulsregulatora slédza ieslégsanas attiecibas nav lineara.

HBapc Panbkuc, Oner BacnieBny. Onenka nmapaMeTpoB BXOJHOT0 (pMIbTPa HMIYJIHCHOTO PEry/IsiTopa ceTH MepeMeHHOr0 TOKa

PaccMoTpeHa cucTeMa KOMIEHCALUH PEaKTUBHON MOIIHOCTH, B KOTOPOH HAarpy3Koi sIBASETCs APOoccenb, TOK KOTOPOH peryIupyeTcsl UMITYIbCHBIM PETYIIITOPOM
NIepEeMEHHOT0 TOKa. JIJIsl ycTpaHEeHHs JJIEeKTPOMAarHUTHBIX NOMEX B IHUTAIOMIEH CEeTH CHCTeMa IOKIIOYEHAa K CEeTH IIEPEeMEHHOr0 TOKa dYepe3 HHIYKTHBHO-
eMKkocTHOI (uibTp. ITockonbKy B cHcTeMe BHEAPEH KOHJCHCATOP, MPH MOMOIIM HUMITYJIBCHOTO PEryIATOpa MOXHO PErylIupoBaTh XapaKTep HAarpys3KH: MpH
MajbIX OTHOCUTENIBHBIX IPOJODKUTEIBHOCTAX BKIIOUCHHUS CEPUITHOTO KII04a HMITyIbCHOTO PETYIISITOpa CUCTEeMa paboTaeT Kak eMKOCTHOH y3em; IpH GOIbLINX
OTHOCHUTENBHBIX JUTUTEIBHOCTSIX BKIIOUCHUS — KaK MHIYKTUBHBIA y3en. ChopMyaHpoBaHa CBSI3b MEXTY ITapaMeTpaMH JCHCTBUS MMITYJIbCHOIO PEryisiTopa U
o01mel peakTUBHOW MOIIHOCTBIO cHcTeMbl. ITomydeHb! BhIpaXKeHHs Ul pacueTa OTKIOHEHHS KPMBOH HANpPsHKCHMS KOHZACHCATOpa OT (DyHAAaMEHTalbHOH, KaK
BBIPA)KCHHS I pacyeTa ITyJIbCal[Hii BXOJHOTO CEeTEBOTO TOKA, YTO MO3BOJISET OLIEHUTH IEKTPOMATHUTHOE BIMSHHE CUCTEMBI Ha MUTAIOLIYIO ceTh. I aBHas
3aj1a4a COCTOHT B OLICHKE HEOOXOANMBIX ITapaMETPOB JIEMEHTOB (HIITPa, KOTOpbIe OyIyT BIHATH Ha XapakTep U3MEHEHNUsI HalpsDKEHHsT KOHJeHcaTopa GpribTpa
u ToKa Jpoccens ¢uiarpa. ITokasaHo, 4To HaMOOJbIINE OTKIOHEHUS TOKA M HANPSHKCHHS OT CHHYCOMIAIBHOTO UMEIOT MECTO B MOMEHTHI BPEMEHH, KOTja
MeHSeTCST TIONAPHOCT HAMPSKEHHST KoHencaropa, T.e. mpu @i = 77,27x,37... TIpn 5TOM W3MEHEHHs HATPSKEHUS KOHIEHCATOPA BHISHIBAIOT OTPAHUIEHHEIE

JAPOCCEIIEM U3MEHEHUS TOKA MUTAHUS., YTO B CBOIO OUCPEAb ONPEACIACT rapMOHNYCCKNC UCKAXKCHUSA TOKA IMUTAHUA. HpBeneHo KOMIIOTEPHOC MOJACINPOBAHUE
CHUCTEMBI ITPU PA3JIMYHBIX ITapaMeTpax 3JIEMEHTOB U OLEHEHO COOTBETCTBUE PACCUUTAHHBIM TCOPETUYCCKU U ITOKAa3aHO, YTO COOTBETCTBUE ITOJIYYEHO XOPOIINUM.
yCTaHOBJlCHO, YTO U3MCHCHHUA MOIIIHOCTH y3Jia OT HM3MEHEHHI OTHOCUTEIbHOM TPOAOJKUTEIIPHOCTA BKIOYCHHUA KITIH04a HE SABJIAIOTCA JIMHEHHBIMU.
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